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INTRODUCTION 

Coal feeding t o  t h e  va r ious  p ressu r i zed  coal  g a s i f i c a t i o n  processes presents  
c e r t a i n  techn ica l  problems t h a t  w i l l  have t o  be so lved.  Two feeding systems being 
considered are the  l o c k  hopper and coa l  s l u r r y .  The coal  s l u r r y  system has the  
advantage o f  be ing s imple t o  operate w i t h  a good r e l i a b i l i t y ,  b u t  e ros ion  problems 
i n  t h e  c i r c u l a t i n g  pumps and i n j e c t i o n  va lves w i l l  have t o  be solved.  The l o c k  
hopper system has t h e  advantage o f  f eed ing  a d r y  coa l  w i t h o u t  s o l v e n t  d i l u t i o n ,  but  
w i l l  a l s o  have e ros ion  problems i n  t h e  va lves and w i l l  r e q u i r e  a complex c y c l e  con- 
t r o l  system. 

An economic comparison was made o f  t h e  two feed ing  systems based on t h e  B i t u -  
minous Coal Research's Bi-Gas process us ing  a Western Kentucky No. 11 coa l ,  assum- 
i n g  t h e  two systems a r e  t e c h n i c a l l y  f e a s i b l e .  
1976 c o s t  indexes. 
d iscounted cash f l o w  r a t e s  o f  12, 15, and 20 percent  a t  va r ious  coal  cos ts .  No 
i n f l a t i o n  f a c t o r s  a r e  considered f o r  t h e  l i f e  o f  t h e  p l a n t .  
cons iderat ions have been incorporated.  
o f  t h e  Bi-Gas process a r e  inc luded.  

The est imates a r e  based on January 
Average s e l l i n g  p r i c e s  o f  t h e  gas were determined by us ing  

P o l l u t i o n  abatement 
Some o f  t h e  economic and t e c h n i c a l  d e t a i l s  

Lock Hopper System 

The Bi-Gas process i s  a two-stage coa l  g a s i f i c a t i o n  system t o  conver t  b i t u -  
minous and subbituminous coa l  t o  a h igh-Btu p i p e l i n e  gas. F igure 1 i s  a f lowsheet  
of  t h e  process (1)  and inc ludes  t h e  f o l l o w i n g  s teps:  

1 .  Coal p repara t i on ,  which i nc ludes  crushing,  screening, s i z i n g  o f  t he  run- 
of-mine coal ,  and conveying t h e  s ized coal  t o  t h e  l o c k  hopper feed ing  system (2)  
( n o t  shown i n  f i g u r e  1 ) .  

2. I n  the  upper s e c t i o n  o f  t h e  g a s i f i e r ,  coal  con tac ts  the  hot synthes is  gas 
produced i n  the  lower s e c t i o n  and i s  p a r t i a l l y  conver ted t o  methane and more synthes is  
gas. The en t ra ined  cha r  i n  t h e  raw p roduc t  gas i s  separated and recyc led  t o  the 
lower sect ion,  where i t  i s  g a s i f i e d  t o  produce syn thes i s  gas and heat  requ i red  i n  the  
upper sect ion.  

The hot-carbonate p u r i f i c a t i o n  system reduces the  COP con ten t  o f  t h e  s h i f t e d  
gas t o  0.5 percent and removes e s s e n t i a l l y  a l l  t h e  H2S and COS. Z inc  ox ide  towers 
are prov ided f o r  r e s i d u a l  s u l f u r  cleanup. 

The hea t ing  va lue o f  t he  c lean  gas i s  increased t o  946 B tu  by r e a c t i n g  
hydrogen w i t h  99.8 percent  o f  t h e  CO i n  t h e  presence o f  a n i c k e l  c a t a l y s t  t o  form 
methane and water. 

6. A f te r  gas coo l i ng ,  t h e  mo is tu re  con ten t  o f  t h e  product  i s  reduced t o  7 
pounds per  m i l l i o n  standard cub ic  f e e t .  

The g a s i f i e r s  a r e  designed t o  operate a t  an o u t l e t  pressure o f  1,160 p s i g  and 
a t  maximum temperatures o f  1,700' F and 2,700' F f o r  t he  upper and lower  sect ions,  
r e s p e c t i v e l y .  
coal ,  i s  65.3 percent, based on a coa l  h e a t i n g  va lue o f  13,070 B t u  pe r  pound. 

3. S h i f t  convers ion o f  t h e  syn thes i s  gas t o  H2:CO r a t i o  o f  3 .1 : l .  
4. 

5. 

The thermal e f f i c i e n c y  o f  t he  p l a n t ,  us ing  a Western Kentucky No. 11 
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Slurry Feeding System 

Cost of coal 

The pulverized coal i s  mixed with h o t  condensate t o  produce a 50-50 weight- 
percent coal-water s lu r ry  and then raised t o  the system pressure of approximately 
1,200 psig with t r i p l ex  reciprocating pumps. After being preheated t o  430" F ,  the 
coal s lur ry  is dried i n  a spray dryer w i t h  g a s i f i e r  product gas t h a t  vaporizes the  
water. The coal and humidified gas  a t  660° F flow t o  a cycle separator where the 
coal drops in to  a coal hopper and i s  pneumatically fed t o  the  upper section of the 
gas i f i e r .  This feeding system (3)  i s  i l l u s t r a t e d  in f igure  2 .  The r e s t  of the in te -  
grated plant,  (4)  shown in f igu re  3 ,  i s  the same as  described i n  the lock hopper sys- 
tem except fo r  some changes i n  the s h i f t  conversion, gas i f ica t ion ,  and heat recovery 
uni t s  owing t o  sh i f t i ng  of h e a t  loads. 
same a s  tha t  of the lock hopper system--65.3 percent. 

The thermal e f f ic iency  of the  p lan t  i s  the 

Per year,  MM Per MMBtu 
Lock hopper I S1urr.y I Lock hopper I Slurry 

Capital Investment 

13 
15 

A n  economic evaluation was made of a n  integrated plant sized a n d  designed to  
produce 250 million scf  of h i g h - B t u  gas (946 Btu/scf) by two-stage gas i f ica t ion  of 
Western Kentucky No. 11 coal followed by s h i f t  conversion, pur i f ica t ion ,  methanation, 
and pollution control.  
lock hopper system, o r  $92.4 mill ion higher than f o r  the coal s lu r ry  system. 

Table 1 i s  a capi ta l  requirement comparison of the  two feeding systems. Detailed 
cost  summaries of the major processing uni t s  a r e  not included, b u t  the  cos ts  of the  
individual units are l i s t e d .  General f a c i l i t i e s  include administrative buildings,  
shops, warehouses, ra i l road  spurs ,  ro l l i ng  stock, roads, waste water treatment, and 
fences. 
and instrument a i r ,  f i r e  pro tec t ion ,  and san i ta ry  water a r e  included i n  plant u t i l i t i e s .  

The t o t a l  investment i s  estimated t o  be $533.3 mill ion fo r  the 

The cos ts  of steam and power d i s t r ibu t ion ,  cooling water towers, plant 

137.1 125.0 1.75 1.60 
146.3 134.1 1 .a7 1.72 

Operating Cost 

Table 2 presents the estimated operating Cost comparison fo r  the lock hopper and 
coal s lu r ry  feeding systems. An assumed 90-percent operating fac tor  allows 35 days 
for  downtime, two 10-day shutdowns f o r  equipment inspection and maintenance, and 15 
days f o r  unscheduled operational in te r rupt ions .  With labor a t  $6 per hour, payroll 
overhead a t  30 percent of payro l l ,  and depreciation a t  5 percent of the  subtotal  fo r  
depreciation, allowing c r e d i t  f o r  su l fu r  recovered a t  $25 per ton, and with the  cos t  
of coal as  a variable,  the following operating cos ts  a r e  derived: 

per t o n  I system I feeding I system. I feeding 
$1 1 I $128.0 I $ 115.8 I $1.64 I $1.48 

Based on a 330-day operating year fo r - the  plant and allowing c r e d i t  f o r  su l fur  
produced, with coal cos t s  and discounted cash flow ( D C F )  r a t e s  as parameters, the 
average se l l ing  prices of the gas per Mscf and per MMBtu f o r  the two systems a re  shown 
in the following tab le :  
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The DCF computer program takes i n t o  account the  c a p i t a l  expendi ture,  based on 
100-percent equ i t y ,  p r i o r  t o  s t a r t u p  so t h a t  t h e  i n t e r e s t  d u r i n g  c o n s t r u c t i o n  i s  
de le ted  from t h e  c a p i t a l  requirement. 
i n g  c a p i t a l  i n  t h e  20 th  yea r .  

P rov i s ions  a r e  made f o r  recovery o f  t he  work- 

U n i t  Cost Summary 

The s e l l i n g  p r i c e  used t o  determine the h igh -cos t  elements i n  t h e  process was 
based on a 15-percent DCF f o r  a 20-year p r o j e c t  l i f e ,  w i t h  coa l  a t  $13 per  ton.  
breakdown o f  t he  c o s t  elements f o r  t h e  two systems i s  shown i n  t a b l e  3. 

A 

SUMMARY 

As noted i n  t a b l e  1, the l o c k  hopper feed ing  t o t a l  investment  i s  $92.4 m i l l i o n ,  
o r  21 percent  h ighe r  than the  s l u r r y  feed ing  system investment .  Approximately $69 
m i l l i o n  i s  a t t r i b u t e d  t o  d i f f e r e n c e  i n  feed ing  systems. 

The opera t i ng  c o s t  o f  the l o c k  hopper system i s  about 10 percent  h ighe r  than 
t h a t  o f  t h e  s l u r r y  feed ing  system. Increases i n  maintenance, overhead, and i n d i r e c t  
and f i x e d  costs ,  which a r e  d i r e c t l y  r e l a t e d  t o  t h e  c a p i t a l  investment ,  rep resen t  the  
main d i f f e r e n c e .  

The average s e l l i n g  p r i c e  was based on t h r e e  coa l  cos ts  ($11, $13, and $15 per 
t o n )  and th ree  DCF r a t e s  o f  r e t u r n  (12, 15, and 20 pe rcen t ) .  Over t h i s  range t h e  
s e l l i n g  p r i c e  f o r  t h e  l o c k  hopper system increases f rom $0.33 t o  $0.51 per  Mscf o f  
product ,  o r  $0.35 t o  $0.54 per  MMBtu. Th is  i nc rease  i s  approx imate ly  15 percent .  

CONCLUSION 

Resul ts  o f  t h i s  s tudy i n d i c a t e  t h e  s l u r r y  feeding system i s  more economical 
than the  l ock  hopper system, when used t o  feed a h igh-pressure (1,200 p i i g )  two- 
stage g a s i f i e r  i n  t h e  Bi-Gas process. It must be kep t  i n  mind, however, t h a t  t h i s  
s tudy was conducted under t h e  assumption t h a t  t h e  t e c h n i c a l  problems f o r  both t h e  
coa l  s l u r r y  and l o c k  hopper systems have been so lved.  
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TABLE 1.  - Cap i ta l  requirements,  comparison o f  
l o c k  hopper system w i t h  s l u r r y  feed inq  system 

U n i t  
Coal p repara t ion . .  . . . . . . 
S l u r r y  p repara t i on  ...... 
Lock hopper system ...... 
G a s i f i c a t i o n .  . . . . . . . . . . . 
Heat recovery No. 1.. . . . 
Oust removal. ........... 
S h i f t  conversion ........ 
Heat recovery No. 2 o r  1 
P u r i f i c a t i o n . .  . . . . . . . . . . 
Methanation ............. 
Heat recovery No. 3 o r  2 
Dry ing .................. 
Oxygen p l a n t  ............ 
S u l f u r  recovery. .  . . . . . . . 
Flue gas processing..  . . . 
Steam p l a n t  ............. 
P lan t  f a c i l i t i e s . .  ...... 
P lan t  u t i l i t i e s  ......... 
Tota l  cons t ruc t i on . .  . . . . 
I n i t i a l  c a t a l y s t  

requirements .......... 
To ta l  p l a n t  cos t  ........ 
I n t e r e s t  du r ing  

cons t ruc t ion . .  . .'. . . . . . 
Subtota l  f o r  

dep rec ia t i on  .......... 
Working c a p i t a l . .  . . . . . . . 

Tota l  investment ... 

Lock hopper * 
85,178,000 
20,698,500 

3,402,400 
2,341,100 

10,033,200 

75.71 3,300 
8, i  43,900 

18;782;900 
21,718,000 

873,500 
51,975,000 

2,312,500 

22,822,500 
26,574,200 
38,089,700 

i 6,033,300 

418,987,400 

2,559,800 

421,547,200 

484,779,200 

48,477,900 

- 533,257,100 
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i l u r r y  feeding 

16,435,000 
* 

20,698,500 

2,341,100 
7,700,000 

23,392,600 
75.281 . lo0 
18;782 ;900 
21,718,000 

873,500 
51,975,000 
2,312,500 

16,033,300 

21,956,200 
31,470,500 

20 ,gi o ,000 

346,i 75,600 

2,348,100 

348,523,700 

52,278,600 

400,802,300 

40,080,200 

440,882,500 

D i f f e r e n c e  
0 

;+68,743,000 
0 

+3,402,400 
n 

+2,333,200 
-15,248,700 

+432,200 
0 
0 
0 
0 
0 
0 

+1 ,912,500 
+4,618,000 
+6,619,200 

+72,8i 1,800 

+211 ,700 

+73,023,500 

+10,953,400 

+83,976,900 

+8,397,700 

+92,374,600 



TABLE 2 .  - Annual o p e r a t i n g  cos t ,  
comparison o f  lock  hopper system w i t h  s l u r r y  feeding system 

Cost i tem 

D i r e c t  cost :  
Raw mater ia ls :  

Coal a t  $ I l / t o n  ..... ... 
Raw water.. . . . . . . . . . . . . 
C a t a l y s t  and chemicals. 
Methane. . . . . . . . . . . . . . . . 

Subtotal  . . . . . . . . . . . 

Di rec t  labor  ......... ..... 
Di rec t  labor  supervis ion. .  

Subtotal  ........... 
Maintenance l a b o r . .  . . . . . . . 
Maintenance s u p e r v i s i o n  :. . 
Maintenance m a t e r i a l  
and cont rac ts  ............ 

Subtotal  . . . . . . . . . . . 
Payro l l  overhead .......... 
Operating suppl i es. . . . . . . . 

Total  d i r e c t  c o s t .  

I n d i r e c t  cost.. . . .. . . . . . .. . . 

Fixed c o s t :  
Taxes and insurance ....... 
Oepreci a t ion . .  . . . . . . . . . . . . 

T o t a l ,  be fore  c r e d i t .  

S u l f u r  c r e d i t  ............... 

Operating cost, a f t e r  c r e d i t  

Lock hopper 
system 

$50,294,400 
1,176,100 
2,517,300 

455,600 

54,443,400 

2,470,300 
370,500 

2,840,800 

7,815,000 
1,563,000 

11,722,500 

21,100,500 

3,665,600 
4.22cl,100 

86,270,400 

1 1,264,600 

8,430,900 
24,238,900 

130,204,800 

2,226.700 

- 127,978.1 00 
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S1 u r r y  feeding 
system 

$50,294,400 
1,211,800 
2,504,200 

455,600 

54,466,000 

2,522,900 
378,400 

2,901 ,300 

6,465,000 
1,293,000 

9,697,500 

17,455,500 

3,197,800 
3,491.1 00 

81,511,700 

9,539,200 

6,970,500 
20,040,100 

118,061,500 

2.226.700 

115,834,800 

)i f ference 

0 
8-35,700 
+13,100 

0 

-22,600 

-52,600 
-7,900 

-60,500 

+1 ,350,000 
+270,000 

+2,025,000 

+3,645,000 

+467,800 
+729,000 

+4,758,700 

+1 ,725,400 

+1 ,460,400 
+4,198,800 

b12,143,300 

0 

+12,143,300 



TABLE 3. - U n i t  c o s t  comparison 
- 

Process u n i t  

Coal p repara t i on  ............ 
G a s i f i c a t i o n  . ............... 
Lock hopper system ......... 
S1 u r r y  p repara t i on .  .......... 
Dust removal ................ 
S h i f t  convers ion ............ 
P u r i f i c a t i o n  ................ 
Methanation ................. 
Dry ing ...................... 
Su l fu r  recovery ............. 
Flue gas process ing ......... 

To ta l  .................. 

Cost per  Mr 
ock hopper 

system 

$0.13 

1.32 

.50 

.02 

.18 

.64 

.17 

. O l  

3.08 

Basis: Coal a t  $13/ton - 15% DCF. 
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o f  product  
S l u r r y  feed ing  

system 

$0.13 

1 .41 

.16 

.02 

.05 

.63 

.17 

.01 

- 

.11 

2.69 
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